Background There are ethnic disparities in cervical cancer survival in New
Introduction
In 2005, cervical cancer was the ninth most common site of cancer registration for New Zealand females, 1 and the incidence and mortality rates were moderately high compared with the rest of the developed world. 2 Over the past decade, New Zealand's rates of cervical cancer have been decreasing, 3, 4 with the data for the year 2005 showing an age-adjusted incidence rate of 6.2 and an age-adjusted mortality rate of 1.9 per 100 000 women of all ages. 1 The most likely reason for these decreases is the establishment in 1990-91 of the New Zealand National Cervical Screening Programme (NCSP). 5 The NCSP recommends that all women aged 20-69 years have a cervical cytology test once every 3 years. 6 However, incidence and mortality rates are not the same across ethnic groups within New Zealand. For example, in 2005, Māori women had an incidence rate of 9.0, Pacific women 16.3 and 'Other' (predominantly European) women 5.6 per 100 000 women; Māori women had a mortality rate of 6.5, Pacific women 7.1 and 'Other' women 1.4 per 100 000 women. 1 The current authors have previously reported demographic differences in cervical cancer survival in New Zealand. 7 Māori and Pacific women had higher death rates than 'Other' women, whereas Asian women had a lower risk. Adjustment for stage at diagnosis explained some of the increased risk in Māori women (compared with 'Other' women), but only very little of the differences in Pacific or Asian women. Socio-economic status (SES) and urban/rural residence had only marginal effects.
One possible explanation for these differences is that rates of cervical screening also differ across the ethnic groups in New Zealand. In 2006, the coverage [had a cytology or histology result recorded on the NCSP-Register (NCSP-R) in the previous 3 years] rates were 46.6% for Māori women, 43 .9% for Pacific women and 75.7% for 'Other' women. 4 As part of the ongoing work to monitor and improve the NCSP, an audit of the screening histories of women diagnosed with invasive cervical cancer between 1 January 2000 and 30 September 2002 was undertaken. 8 The aims of the audit included providing information to contribute to the elimination of the ethnic disparities in the incidence of and mortality from invasive cervical cancer. The audit found that only 50% of the women had had a smear in the 6-42 months prior to diagnosis (a 3-year period) and that only 20% of the women had an adequate screening history (no interval of 43 years between screening smears in the 6 months to 7 years prior to diagnosis). The audit also found that more Māori than non-Māori women had late-stage disease [International Federation of Gynecology and Obstetrics (FIGO) 9 stage 2þ] at diagnosis and that 'there was an impression that at all steps of the screening pathway, Māori women were less well served [than non-Māori women]'. 8 The current study therefore investigated the screening history of women diagnosed with cervical cancer in New Zealand during 1994-2005, to examine the associations of screening history with stage at diagnosis, and whether differences in screening history explain the ethnic, socio-economic and urban/rural differences in stage at diagnosis.
Methods
The source population comprised all cervical cancer cases registered with the New Zealand Cancer Registry (NZCR) between 1 January 1994 and 31 December 2005. The NZCR records self-identified ethnicity, where people may record multiple responses. Participants who reported more than one ethnicity were classified into a single ethnicity using a standard system of prioritization: Māori 4 Pacific 4 Asian 4 'Other'. 10 Participants with missing ethnicity data were included in the 'Other' (predominantly European) ethnic group in the analyses. This approach is standard practice in New Zealand health research. 11, 12 SES was estimated using the New Zealand Deprivation Index 2001 (NZDep2001). 13 Each participant was assigned a score based upon the residential area (the domicile code) in which they lived as recorded on the NZCR at the time of registration. These scores were then grouped into quintiles, with a value of five indicating that the area is in the most deprived 20% of small areas in New Zealand. 13 The domicile code recorded for each participant was also used to assign urban/rural residence according to population size.
14 Participants were classified as living in a main urban area (with a population of 30 000 or more), a secondary or minor urban area (population 1000-29 999) or a rural area (population less than 1000).
The FIGO 9 stage at diagnosis was obtained from the NZCR. FIGO codes were used in these analyses because they were available for a greater number of registrations (74%) than the other staging systems recorded on the NZCR. 7 There was little ethnic difference in the percentage of cases with missing FIGO codes: 24% of Māori, 32% of Pacific, 33% of Asian and 26% of 'Other' cases had missing FIGO codes. Similarly, the percentages of cases with missing FIGO codes in each of the five quintiles of NZDep2001 were as follows: 25, 28, 26, 26 and 26%.
The FIGO stages were grouped into early stage (FIGO stages 0-IB2), which corresponds to the SEER summary stage of localized only, and late stage (FIGO stages II-IVB), which corresponds to the SEER regional or invasive carcinoma stages. 15 Women with an unknown stage at diagnosis, or who could not be allocated a deprivation score, were excluded from the analyses.
Each [16] [17] [18] SCREENING HISTORY AND STAGE AT DIAGNOSIS The National Health Index number (which uniquely identifies individual health care users) for each of the cervical cancer cases registered with the NZCR between 1994 and 2005 was used to obtain the woman's screening history from the NCSP-R. The NCSP-R is governed by the Health (National Cervical Screening Programme) Amendment Act, which came into effect in 2004, and stipulates that all cervical cytological and histological test results must be sent to the NCSP (for entry onto the NCSP-R), unless the woman chooses to withdraw her enrolment from the programme. The NCSP-R also holds basic demographic details about all enrolled women.
The classifications of screening history were based on those used for the New Zealand Cervical Cancer audit 8 and for quality monitoring by the NCSP. 19 Women were categorized as 'not screened' or 'ever screened'. The former category included: 'no screening' (no cervical smears before diagnosis); and 'pre-diagnostic only' (one or more smears in the 6 months prior to diagnosis but not previously). The latter category included: 'irregular screening-participation' (one or more smears in the period 6-84 months before diagnosis); 'irregular screening-coverage' (one or more smears in the period 6-42 months before diagnosis); 'regular screening' (meeting the criteria for 'coverage' and with no more than 36 months between any two smears in the period 6-114 months before diagnosis); and, 'screened' (one or more smears prior to 6 months before diagnosis), which described women that did not meet the criteria for the previous categories. Thus all women were categorized as either 'not screened' or 'ever screened', and then further sub-categorized into the aforementioned mutually exclusive categories. In New Zealand, women are recommended to have a screening smear once every 3 years (36 months), 6 meaning that the period of time encompassed by the 'irregular screening-participation' category should include at least two smears, and the period of time for the 'irregular screening-coverage' category should include a previous smear from a woman who had screen detected cancer (where her 'diagnostic' smear was taken in the 6 months prior to diagnosis). The final category of 'regular screening' indicates that the woman did not have an interval between smears of more than the recommended 3 years at any time in the 9 years prior to the 6 months before diagnosis. This time period allows for three screening cycles to have taken place. We excluded all of the smears taken in the 6 months immediately prior to diagnosis since some of these will have been taken for diagnostic, not screening, purposes. 20, 21 Cervical screening guidelines are extremely complex, 6 and the categories used in this study are therefore only able to approximate the women's screening histories. 8 The New Zealand Central Ethics Committee granted ethical approval for the study.
All analyses were conducted using Intercooled Stata 10 for Windows (StataCorp, College Station, TX, USA). Logistic regression was used to estimate whether the associations of screening history, ethnicity, SES or rural residence were independently associated with stage at diagnosis.
Results
There were 2323 cases of cervical cancer registered on the NZCR between 1 January 1994 and 31 December 2005, and all of these cases were included in the descriptive analyses of screening history (Table 1) . Overall, more than half (56.7%) of the women had not had a screening smear. The percentages 'ever screened' and for 'regular screening' were highest in 'Other' women (46.1 and 15.3%, respectively), and lowest in Pacific women (24.8 and 5.7%, respectively). The percentages 'ever screened' also varied by age, peaking at 71.7% in women aged 25-34 years and then gradually decreasing to the lowest percentage (9.0%) in women aged 575 years. The percentage 'ever screened' was particularly low in women with squamous cell carcinoma (41.3%) or adenosquamous cell carcinoma (36.8%), compared with cases of adenocarcinoma (59.7%).
Screening rates increased over time (Table 1) , with 29.5% of cases registered during 1994-97 (i.e. during the early years of the screening programme) having been 'ever screened', 49.8% during 1998-2001 and 52.6% during 2002-05.
In the analyses of risk factors for late-stage diagnosis (Tables 2 and 3) , 621 women were excluded because they did not have a FIGO code. As noted above, these women had a similar ethnic and SES distribution to the cases that did have a FIGO code. A further 77 cases were excluded because they did not have a domicile code that could be assigned an NZDep2001 score, leaving 1625 women included in the analyses. Table 2 shows the associations of screening history with stage at diagnosis by histological type. Compared with 'no screening smears', women with 'regular screening' had a lower risk of late-stage diagnosis [compared with early stage diagnosis; odds ratio (OR) 0.16, 95% confidence interval (CI) 0.10-0.26], and the effect appeared larger for squamous cell carcinoma (OR 0.12, 95% CI 0.07-0.23) than for adenocarcinoma (OR 0.32, 95% CI 0.13-0.82). Women who were in the categories 'irregular screening-coverage' (OR 0.19, 95% CI 0.13-0.29) and 'irregular screening-participation' (OR 0.17, 95% CI 0.10-0.31), also had lower ORs (compared with women with 'no screening smears'), but women in the 'screened' category did not (OR 0.81, 95% CI 0.39-1.69). The decreased ORs in screened women were seen in all time periods (not shown in Table 2 ): for example, the ORs for 'regular screening' were 0.28 (95% CI Table 3 shows the associations of ethnicity, SES and urban/rural residence with stage at diagnosis. In general, adjustment for screening history made little difference to the demographic differences in stage at diagnosis. In particular, the increased risk of a latestage diagnosis for Māori women decreased only slightly (from 2.72 to 2.45) when adjusted for screening history. In contrast, the increased risk for a late stage diagnosis for Pacific women (OR 1.45) disappeared when adjusted for screening history (OR 0.99). These findings were maintained when the analysis was repeated for the subgroup of women with squamous cell carcinoma (Table 3) 
Discussion
The general strengths and limitations of the data on which these new analyses are based have been described previously, 7 and we will therefore focus on factors related to the new findings that have been presented here, i.e. the screening histories. One of the strengths of the screening history data is that all cervical smear results taken within New Zealand are required by law to be sent to the NCSP-R, and so for most women it is extremely unlikely that their screening histories are incomplete. However, women were able to 'opt-off' individual test results, and it is not clear how often this occurred, although the national rate in 2001 was 5.7%. 22 Similarly, it is possible that some women received cytological tests overseas prior to their diagnosis of cervical cancer within New Zealand, but the numbers are likely to be small.
The available data did not allow for the assessment of whether the smears taken within 6 months prior to diagnosis were due to the women being symptomatic (i.e. diagnostic tests) or were the women's first cytological tests taken at the appropriate time (i.e. screening tests). Further investigation, for example, with a case notes review, would allow for these different scenarios to be distinguished.
A further limitation of the study was that 26% of cases were missing a FIGO code. However, this is unlikely to have biased the findings, particularly the comparisons between Māori and 'Other' women because the proportions missing FIGO codes were very similar (24 and 26%, respectively), and the lowest proportion with missing FIGO stage was actually in Māori women. We used an area-based measure of SES, 13 and it is possible that some individual cases were therefore misclassified. However, the measure used is standard and has shown strong SES differences for many other health problems; 23-27 furthermore, information on other possible measures of SES (e.g. income, education, occupation) were not available.
Cervical screening guidelines are extremely complex 6 and the current study did not assess whether each individual woman had been screened according to the NCSP guidelines-rather, we classified each case according to her screening history (e.g. 'regular screening'), irrespective of whether this screening history was consistent with NCSP guidelines. In particular, the cases included some women who would have been too old or too young to have received recent or any screening (if following NCSP guidelines) prior to their diagnosis. Furthermore, it is possible that women have been categorized as 'regular screening' when actually they should have received smears more frequently than once every 3 years (e.g. if they had had a high-grade abnormality) if they had been following NCSP guidelines. However, any such discrepancies would have led to a reduction in the protective effect of regular screening found in this study. Conversely, the methodology did not distinguish whether a woman had been rescreened in an interval that was shorter than the standard recommended 3 years. Women being screened more frequently in this manner would potentially increase the protective effect of regular screening. Bearing these strengths and limitations of the data in mind, there are three main findings of this study. First, more than half of the women diagnosed with cervical cancer in New Zealand during 1994-2005 had not been screened 46 months before diagnosis. Secondly, women who were regularly screened had a considerably lower risk of being diagnosed at a late stage. Thirdly, screening history did not appear to explain the ethnic differences in stage at diagnosis.
The first major finding of the study is that the screening rates were relatively low in the cervical cancer cases (Table 1 ) compared with the rates in the general population for 2001 (no national data are available prior to this) to 2006. 4, 22, [28] [29] [30] [31] More than half (56.7%) of the women had not had a screening smear. This study did not include matched controls without cervical cancer, but information for the general population is available from monitoring reports for the NCSP. 4, 22, [28] [29] [30] [31] Overall, 43.3% of cervical cancer cases had been screened ('ever screened'), compared with 93% in the general population in 2001. 22 Of the cervical cancer cases that had been 'ever screened', 19.7% had 'irregular screening-participation' compared with 87% in the general population in 2001, 22 42.4% had 'irregular screeningcoverage' compared with 72.7% in the general population in 2001, 22 and 32.2% had 'regular screening' (the NCSP monitoring reports do not include 'regular' screening, to the authors' knowledge there is no published information about this in the general population).
These findings are consistent with those of previous studies in other countries which have shown that unscreened women have a higher rate of invasive cervical cancer, and conversely that women with cervical cancer have been screened less often than (hospital) control women or those in the general population. [32] [33] [34] [35] No record of screening prior to diagnosis was found for 56.7% of the cases included in the current study, a finding that is similar to the estimates of 53-68% reported in other recent studies. 20, 33, 35 Screening was particularly low in women with squamous cell carcinoma (41.3%) or adenosquamous cell carcinoma (36.8%), compared with cases of adenocarcinoma (59.7%), a finding which is consistent with previous evidence that screening is less effective for precursors of adenocarcinomas. [36] [37] [38] The second major finding of the study is that screening history was associated with stage at diagnosis ( Table 2 ). Women that were regularly screened (compared with women that had no screening smears) had a reduced risk of a late-stage diagnosis (compared with early-stage diagnosis) (OR 0.16, 95% CI 0.10-0.26). Women that met even the weak criterion of 'irregular screening-participation' had a reduced risk (OR 0.17, 95% CI 0.10-0.31). The apparent 'protective effect' of 'diagnostic only' screens is difficult to interpret, since the 'diagnostic-only' cases probably comprise two distinct groups-those who genuinely only had a diagnostic smear and those who had a screening smear. This may explain why the finding for 'diagnostic-only' screens (OR 0.39) lies between that for 'regular screening' (OR 0.16) and 'no screening' (the reference category with an OR of 1.0). As previously stated, there is evidence that screening for precursors for adenocarcinomas is less effective than screening for squamous cell carcinomas. [36] [37] [38] It is therefore interesting that in the current study the effect (on the OR) of 'regular screening' was stronger in the cases of squamous cell carcinoma (OR 0.12, 95% CI 0.07-0.23) than in the cases of adenocarcinoma (OR 0.32, 95% CI 0.13-0.82), but the effect was still strong in the latter group. This is consistent with the finding of Sasieni and Adams that cervical screening seems to have had a substantial impact on the rate of adenocarcinoma in younger women. 39 The third major set of findings involves the ethnic differences in screening history (Table 1 ) and stage at diagnosis ( Table 3 ). Rates of 'participation' (a cytology or histology result recorded on the NCSP-R in the previous 6 years) in the NCSP are substantially lower for Māori and Pacific women (e.g. in 2006, 62.4 and 60.4%, respectively) than for non-Māori, non-Pacific women (91.4%) and this is reflected in the lower percentage of screened women of these ethnicities in the current study. 4 The percentages 'ever screened' were 24.8% in Pacific women, 30.5% in Asian, 40.6% in Māori and 46.1% in 'Other'. The corresponding estimates for 'regular screening' were 5.7, 7.8, 12.5 and 15.3% (Table 1) .
SCREENING HISTORY AND STAGE AT DIAGNOSIS
The current study found that 21.4% of Māori cases had not had a smear prior to their cancer diagnosis, compared with 54% in the study by Ratima et al., 40 which included cases that had occurred before (and in the first 2 years after) the NCSP was established. However, the current study found that an additional 38% of Māori women had only had a smear in the 6 months prior to diagnosis, thus suggesting that 59.4% of Māori women had not been 'ever screened'.
Despite the ethnic differences in screening history, adjustment for screening history did not entirely account for the ethnic differences in stage at diagnosis (Table 3) . For example, the OR for a late-stage diagnosis in Māori women (compared with 'Other' women) decreased only from 2.72 (95% CI 1.99-3.72) to 2.45 (95% CI 1.77-3.39) when adjusted for screening history. In contrast, the increased risk of late-stage diagnosis in Pacific women (compared with 'Other' women; OR 1.45, 95% CI 0.81-2.61) disappeared when adjusted for screening history (OR 0.99, 0.54-1.81). These data therefore indicate that there is a large excess risk of late-stage diagnosis in Māori women that is not explained by differences in screening history, whereas there is a small excess risk of late-stage diagnosis in Pacific women, which is explained by differences in screening history.
The study was not able to examine the importance of other aetiological factors for cervical cancer survival. Since screening history did not completely explain the ethnic differences in stage at diagnosis, it is important that other possible explanations for these differences should be explored in further studies. These may include delayed diagnosis, i.e. some women with regular screening histories may have a longer period of time between a smear that is suggestive of cancer (or the onset of symptoms) and actual diagnosis of cancer. The reasons for delayed diagnosis and non-participation in screening are complex, but may include barriers to accessing health care (such as language, culture, income and/or education level, and patient-doctor relationship). 41 There is also some evidence that in New Zealand racial discrimination is associated with poorer self-rated health, 42, 43 but there appears to be no evidence directly related to the cervical cancer care pathway in New Zealand. There is some evidence 4, 22, [28] [29] [30] [31] that histological test results for Māori and Pacific women are reported after a longer period of time than those for non-Māori, non-Pacific women, although it is unclear whether this time difference would actually lead to a late stage at diagnosis since the precursor lesions are known to exist for several years. Failure to be invited or to return for a repeat smear after an unsatisfactory result, or to have a histological specimen taken after a high-grade smear, or a delay in seeing a gynaecologist, as well as not reporting symptoms, may also lead to a delay, resulting in a late stage at diagnosis. 4, 22, [28] [29] [30] [31] 40 
Conclusions
In conclusion, more than half of the women diagnosed with cervical cancer in New Zealand during 1994-2005 had not been screened 46 months before diagnosis. Women that were regularly screened had a considerably lower risk of being diagnosed at a late stage, and screening history did not appear to explain the ethnic differences in stage at diagnosis. These findings indicate that in order to reduce further the proportion of women who are diagnosed with cervical cancer at a late stage, major efforts should continue to increase the proportion of women who participate in the NCSP and to encourage women to participate in the screening programme on a regular basis. Further investigation is required to elucidate the reasons for the increased risk of a late-stage diagnosis in Māori women that persists after adjustment for screening history, SES and urban/rural residence. 
